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Sir:

Transmitted herewith for filing is a provisional patent application under 37 CFR 1.53(b)(2) of

LAST NAME FIRST NAME MIDDLE INITIAL { RESIDENCE (CITY/STATE/COUNTRY)
Flamm Daniel L. Walnut Creek, California, United States
Title: MULTI-TEMPERATURE PLASMA ETCHING PROCESS

Enclosed are:

[X] 29 pages of the specification.
[X] __3 _pages of claims.

[X]__1 _ pages of abstract.

[X] _12 sheet(s) of informal drawing(s).
[X] _1___ Exhibit.
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METHOD AND DEVICE MADE BY PLASMA ETCHING

CROSS-REFERENCE TO RELATED APPLICATIONS
This present application is a continuation-in-part of U.S. Application
Serial No. 08/567,224 filed December 4, 1995 (Attorney Docket No. 16655-5), which

is hereby incorporated by reference for all purposes.

BACKGROUND OF THE INVENTION

This invention relates generally to plasma processing. More particularly,
one aspect of the invention is for greatly improved plasma processing of devices using
an inductive discharge. Amnother aspect of the invention is illustrated in an example with
regard to plasma etching or resist stripping used in the manufacture of semiconductor
devices. The invention is also of benefit in plasma assisted chemical vapor deposition
(CVD) for the manufacture of semiconductor devices. But it will be recognized that the
invention has a wider range of applicability. Merely by way of example, the invention
also can be applied in other plasma etching applications, and deposition of materials such
as silicon, silicon dioxide, silicon nitride, polysilicon, among others.

Plasma processing techniques can occur in a variety of semiconductor
manufacturing processes. Examples of plasma processing techniques occur in chemical
dry etching (CDE), ion-assisted etching (IAE), and plasma enhanced chemical vapor
deposition (PECVD), including remote plasma deposition (RPCVD) and ion-assisted
plasma enhanced chemical vapor deposition (IAPECVD). These plasma processing
techniques often rely upon radio frequency power (rf) supplied to an inductive coil for
providing power to gas phase species in forming a plasma.

Plasmas can be used to form neutral species (i.e., uncharged) for purposes
of removing or forming films in the manufacture of integrated circuit devices. For
instance, chemical dry etching generally depends on gas-surface reactions involving these
neutral species without substantial ion bombardment.

In a number of manufacturing processes, ion bombardment to substrate
surfaces is often undesirable. This ion bombardment, however, is known to have

harmful effects on properties of material layers in devices and excessive ion
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bombardment flux and energy can lead to intermixing of materials in adjacent device
layers, breaking down oxide and "wear out," injecting of contaminative material formed
in the processing environment into substrate material layers, harmful changes in substrate
morphology (e.g. amophotization), etc.

Ion assisted etching processes, however, rely upon ion bombardment to
the substrate surface in defining selected films. But these ion assisted etching processes
commonly have a lower selectivity relative to conventional CDE processes. Hence,
CDE is often chosen when high selectivity is desired and ion bombardment to substrates
are to be avoided.

One commonly used chemical dry etching technique is conventional
plasma assisted photoresist stripping, often termed ashing or stripping. Conventional
resist stripping relies upon a reaction between a neutral gas phase species and a surface
material layer, typically for removal. This reaction generally forms volatile products
with the surface material layer for its removal. The neutral gas phase species is formed
by a plasma discharge. This plasma discharge can be sustained by an inductive
applicator (e.g., a helical coil) operating at a selected frequency in a conventional
photoresist stripper. An example of the conventional photoresist stripper is a quarter-
wave helical resonator stripper, which is described by U.S. Patent No. 4,368,092 in the
name of Steinberg et al.

Among the pervasive applications of patterned photoresist in device
fabrication is their use as an ion implantation mask to shield selected areas from
unwanted ion implantation. Unfortunately when ions bombard the mask an unwanted
result is often modification of the near surface region of the mask by the ion beam. In
particular, ions striking the mask break chemical bonds within the photoresist and cross-
link polymer chains in regions they penetratc while eliminating hydrogen that is bonded
to the polymer backbone. Moreover, many of the ions striking the resist mask are
implanted into the resist. These processes result in a hardened, more highly cross-linked
and relatively impermeable near surface zone of resist (a “crust” of more diamond-like
carbon), which overlies the original patterned resist material. This cross-linked layer is
undesirable from a processing point of view because it etches more slowly than the

underlying material and is less permeable to low molecular weight monomer and residual
2
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solvent within the photoresist matrix.

Ideally the etch rate could be increased to compensate for this effect by
heating the resist and substrate. Unfortunately, when a cross-linked crust is present, the
processing temperature must be limited to avoid undue vapor pressure of solvent and
monomeric material within the resist. If an excessive temperature is used to achieve and
increased rate of resist stripping, the pressure of volatile solvent and low molecular
weight residue within the resist matrix often increases and ruptures the hardened crust
when it is thinned by etching. This phenomena has been termed “popping” and it is
impermissible because it generates harmful contaminative particulate matter.

Unimplanted resist does not suffer this problem as great an extent for
several reasons. One reason is that it is more easily etched by an oxygen plasma and can
therefore be removed by treatment at a lower temperature. An addition reason is that
the near surface region of unimplanted resist is more permeable and elastic, hence allows
volatile material to escape more easily. In some processes another limitation on
maximum permissible resist stripping temperature stems from the fact that wafer
temperature must be maintained below about 180°C to avoid the degradation of
antireflection layers. Hence there is a need for a fast etching process which is capable
of removing an ion-implanted resist crust at relatively low temperatures.

Referring to the above, an objective in chemical dry etching is to reduce
or even eliminate ion bombardment (or ion flux) to surfaces being processed to avoid
damaging the substrate and to maintain the desired etching selectivity. In practice,
however, ideal chemical dry etching often difficult to achieve using conventional
techniques. These conventional techniques generally attempt to control ion flux by
suppressing the amount of charged species in the plasma source reaching the process
chamber. A variety of techniques for suppressing these charged species have been
proposed.

These techniques often rely upon shields, baffles, large separation
distances between the plasma source and the chamber, or the like, placed between the
plasma source and the process chamber. The conventional techniques generally attempt
to directly suppress charge density downstream of the plasma source by interfering with

convective and diffusive transport of charged species. They tend to promote

T
M

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




